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Algorithm Description

1. Split tracks into two independent sets

- Tracks are filted by the same trkfilter as “offlinePrimaryVertices”

D0 signficance > 5 nPixelHits>=2 nHit>= 7 χ2/ndof <= 5

- Tracks are ordered in descending order of pT

- For each pair, randomly select which track goes to which trackset

2. Run primaryvertex fit on each track set

- Use the fitter without BS constraint “offlinePrimaryVertices”

3. Compare the two fitted vertex positions and calculate

- Resolution: σ of the gaussian fit to x1−x2
√

2

- Pull: σ of the gaussian fit to x1−x2
√

σx2
1
+σx2

2
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Data Samples
• TTBar

– /store/mc/Summer09/TTbar/GEN-SIM-RECO/MC 31X V3-v1

– 100K events

• QCD Pt 30

– /store/mc/Summer09/QCD Pt30/GEN-SIM-RECO/MC 31X V3-v1/

– 100K events

• QCD Pt 80

– /store/mc/Summer09/QCD Pt80/GEN-SIM-RECO/MC 31X V3-v1/

– 100K events
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Compare Input Tracks to PrimaryVertexFitter
• TTbar Sample:

– Black: generalTracks, prior to the TrkFilter in pvtx fitter

– Splittracks 1/– Splittracks 2: after TrkFilter in pvtx fitter
nTrk1_spl
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• Track parameters in the split tracksets are consistent
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Compare Reconstructed Vertices: TTbar
• Number of reconstructed vertices difference: nRecPV1-nRecPV2
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• Number of tracks difference in the pvtx

nTrkPV1-nTrkPV2 (Left) nTrkPV 1−nTrkPV 2

nTrkPV 1+nTrkPV 2
(right)
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• For the resolution and pulls, select |nTrkPV 1−nTrkPV 2

nTrkPV 1+nTrkPV 2
| <10%
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Compare Tracks Used in PrimaryVertex
• TTbar: – Black: PVTX using all tracks – PVTX using splitTracks1 – PVTX using splitTracks2

nTrkPV1_spl
Entries  91531
Mean    31.33
RMS     10.84

Number of Tracks
0 50 100 150 200 250 300

N
or

m
al

iz
ed

 E
nt

rie
s

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

nTrkPV1_spl
Entries  91531
Mean    31.33
RMS     10.84

nTrkPV2_spl
Entries  91531
Mean    31.34
RMS     10.85

nTrkPV2_spl
Entries  91531
Mean    31.34
RMS     10.85

nTrkPV
Entries  107041
Mean    60.22
RMS        26

nTrkPV
Entries  107041
Mean    60.22
RMS        26

trkPtPV1_spl
Entries  2867495
Mean    2.511
RMS     4.893

 (Track)tP
0 10 20 30 40 50 60 70 80 90 100

N
or

m
al

iz
ed

 E
nt

rie
s

-510

-410

-310

-210

-110

trkPtPV1_spl
Entries  2867495
Mean    2.511
RMS     4.893

trkPtPV2_spl
Entries  2868384
Mean    2.511
RMS     4.901

trkPtPV2_spl
Entries  2868384
Mean    2.511
RMS     4.901

trkPtPV
Entries  6446241
Mean    2.465
RMS     4.844

trkPtPV
Entries  6446241
Mean    2.465
RMS     4.844

trkDxyPV1_spl
Entries  2867495
Mean   1.621e-05
RMS    0.03335

dxy (Track)
-5 -4 -3 -2 -1 0 1 2 3 4 5

N
or

m
al

iz
ed

 E
nt

rie
s

-610

-510

-410

-310

-210

-110

trkDxyPV1_spl
Entries  2867495
Mean   1.621e-05
RMS    0.03335

trkDxyPV2_spl
Entries  2868384
Mean   2.575e-05
RMS    0.03337

trkDxyPV2_spl
Entries  2868384
Mean   2.575e-05
RMS    0.03337

trkDxyPV
Entries  6446241
Mean   3.765e-05
RMS    0.03477

trkDxyPV
Entries  6446241
Mean   3.765e-05
RMS    0.03477

trkDzPV1_spl
Entries  2867495
Mean   0.01086
RMS     3.777

dz (Track)
-50 -40 -30 -20 -10 0 10 20 30 40 50

N
or

m
al

iz
ed

 E
nt

rie
s

0

0.02

0.04

0.06

0.08

0.1

trkDzPV1_spl
Entries  2867495
Mean   0.01086
RMS     3.777

trkDzPV2_spl
Entries  2868384
Mean   0.009576
RMS     3.777

trkDzPV2_spl
Entries  2868384
Mean   0.009576
RMS     3.777

trkDzPV
Entries  6446241
Mean   0.0066
RMS      3.76

trkDzPV
Entries  6446241
Mean   0.0066
RMS      3.76

• Track parameters used in vertices are consistent
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Resolution and Pulls Calculations
1. Calculate residuals of reconstructed vertex positions

– MC Method: xrec − xsim

– Two-Vertices Method: xrec1−xrec2√
2

2. Calculate pulls of reconstructed vertex positions

– MC Method: xrec−xsim

σxrec

– Two-Vertices Method: xrec1−xrec2√
σx2

rec1
+σx2

rec2

3. Fit residuals in a given nTrack bin with Gaussion

– Resolution is taken as the fit σ

– Statistics in each nTrack bin affects the fit performance

4. Fit pulls in a given nTrack bin with Gaussion

– Check the fit σ consistency with 1.0

– Statistics in each nTrack bin affects the fit performance
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Resolutions vs Number of Tracks - TTbar
• MC methods Gaussian fit σ of (xrec − xsim)

– Black: PVTX using all tracks – PVTX using splitTracks1 – PVTX using splitTracks2

• Two-Vertices method: (– Green) Gaussian fit σ of (xrec1−xrec2√
2
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• Resolutions in all methods are consistent
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Pull vs Number of Tracks - TTbar
• MC methods: Gaussian fit σ of (xrec−xsim

σxrec

)
– Black: PVTX using all tracks – PVTX using splitTracks1 – PVTX using splitTracks2

• Two-Vertices Method: (– Green) Gaussian fit σ of ( xrec1−xrec2√
σx2

rec1
+σx2

rec2

)

Number of Tracks in PVTX
0 20 40 60 80 100 120 140

 o
f x

-P
ul

l
σ

G
au

si
an

 

0

0.5

1

1.5

2

2.5

3

3.5

4

pullx_spl1_mct_nTrk

Entries  64
Mean x   41.55
Mean y   1.157
RMS x   18.27
RMS y  0.3113

pullx_spl1_mct_nTrk

Entries  64
Mean x   41.55
Mean y   1.157
RMS x   18.27
RMS y  0.3113
pullx_spl2_mct_nTrk

Entries  64
Mean x   41.03
Mean y   1.166
RMS x   17.95
RMS y  0.3215

pullx_spl2_mct_nTrk

Entries  64
Mean x   41.03
Mean y   1.166
RMS x   17.95
RMS y  0.3215

pullx_nTrk
Entries  63
Mean x   41.02
Mean y   1.166
RMS x   17.92
RMS y  0.4035

pullx_nTrk
Entries  63
Mean x   41.02
Mean y   1.166
RMS x   17.92
RMS y  0.4035

pullx_mct_nTrk
Entries  91
Mean x      55
Mean y   1.253
RMS x   26.27
RMS y   0.815

pullx_mct_nTrk
Entries  91
Mean x      55
Mean y   1.253
RMS x   26.27
RMS y   0.815

Number of Tracks in PVTX
0 20 40 60 80 100 120 140

 o
f y

-P
ul

l
σ

G
au

si
an

 

0

0.5

1

1.5

2

2.5

3

3.5

4

pully_spl1_mct_nTrk

Entries  64
Mean x   41.56
Mean y   1.164
RMS x    18.3
RMS y  0.3402

pully_spl1_mct_nTrk

Entries  64
Mean x   41.56
Mean y   1.164
RMS x    18.3
RMS y  0.3402
pully_spl2_mct_nTrk

Entries  64
Mean x   41.03
Mean y   1.203
RMS x   17.95
RMS y  0.5169

pully_spl2_mct_nTrk

Entries  64
Mean x   41.03
Mean y   1.203
RMS x   17.95
RMS y  0.5169

pully_nTrk
Entries  63
Mean x   41.03
Mean y   1.233
RMS x   18.24
RMS y  0.4807

pully_nTrk
Entries  63
Mean x   41.03
Mean y   1.233
RMS x   18.24
RMS y  0.4807

pully_mct_nTrk
Entries  91
Mean x      55
Mean y   1.255
RMS x   26.27
RMS y  0.7358

pully_mct_nTrk
Entries  91
Mean x      55
Mean y   1.255
RMS x   26.27
RMS y  0.7358

Number of Tracks in PVTX
0 20 40 60 80 100 120 140

 o
f z

-P
ul

l
σ

G
au

si
an

 

0

0.5

1

1.5

2

2.5

3

3.5

4

pullz_spl1_mct_nTrk

Entries  64
Mean x    40.6
Mean y   1.129
RMS x   17.79
RMS y    0.26

pullz_spl1_mct_nTrk

Entries  64
Mean x    40.6
Mean y   1.129
RMS x   17.79
RMS y    0.26
pullz_spl2_mct_nTrk

Entries  64
Mean x    41.5
Mean y   1.177
RMS x   18.47
RMS y  0.4635

pullz_spl2_mct_nTrk

Entries  64
Mean x    41.5
Mean y   1.177
RMS x   18.47
RMS y  0.4635

pullz_nTrk
Entries  63
Mean x   41.03
Mean y   1.184
RMS x   18.24
RMS y  0.3979

pullz_nTrk
Entries  63
Mean x   41.03
Mean y   1.184
RMS x   18.24
RMS y  0.3979

pullz_mct_nTrk
Entries  91
Mean x      55
Mean y   1.152
RMS x   26.27
RMS y  0.4735

pullz_mct_nTrk
Entries  91
Mean x      55
Mean y   1.152
RMS x   26.27
RMS y  0.4735

• Pulls in all methods are consistent
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Compare Resolutions in Different Samples
• Two-Vertices Method: Gaussian fit σ of (xrec1−xrec2√

2
)

– TTbar – QCD Pt 30 – QCD Pt 80
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• nTracks> 15: σx/σy< 20µm, σz< 30µm

• QCD Pt30 resolution is slightly higher due to the lower pT
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Compare Pulls in Different Samples
• Two-Vertices Method: Gaussian fit σ of (xrec1−xrec2√

2
)

– TTbar – QCD Pt 30 – QCD Pt 80
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• Gaussian fit σ≈ 1.0
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Conclusion and Plans

• Implemented “two-vertices” method to measure the pvtx resolution

– Work flow: splittracks−run pvtxFitter twice−Compare recVertex

– Code in CMSSW UserCode/Jeng/PVStudy

• Validation done in no pile-up MC TTbar, QCD Pt 30/ 80 samples

– Tracks in splitted samples are consistent

– Number of reco vertices in splitted samples are consistent

– Resolution with two-vertices method is consistent with MC method

nTracks> 15: σx/σy< 20µm, σz< 30µm

– Pull with two-vertices method is consistent with MC method

Gaussian fit σ≈ 1.0

• Plans in the near future

– Improve the fitting to the low statistics nTrk bins

– Track-splitting for data with PU is under development

– Test the PrimaryVertexFitter with BS effect on the results
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